Summary. Stool carrier rates of Escherichia coli serogroups 4, 6, and 75 were determined on admission and discharge for 190 patients. Persons who were in the hospital 3 weeks or longer had an intestinal carrier rate of 46% compared to a rate of 28% in individuals who had no recent hospital contact. Treatment with broad spectrum antibiotics increased the susceptibility for acquisition of certain specific serologic groups. This was apparently not related to replacement of sensitive E. coli by drug-resistant forms. Studies were made to determine the environmental source for colonization of hospitalized patients and the risk of urinary infection in stool carriers of these strains. A survey of inanimate objects of medical and urological wards demonstrated infrequent isolation of 04, 06, and 075, indicating that extraintestinal foci were an unlikely source for hospital-acquired E. coli. Hemagglutination titers with determination of group-specific 0 antibody failed to demonstrate any deficiency in hospitalized patients who became colonized with certain coliforms. Similarly, no significant deficit in group-specific serum antibody was found in patients who were community carriers of E. coli 04, 06, or 075. Despite a high rate of acquisition of E. coli serogroups 4, 6, and 75 in the stools of hospitalized patients, only those patients undergoing urinary tract manipulation developed bacteriuria.
Introduction
Studies of the epidemiology of nonenteric illness caused by E. coli have shown clearly that the majority of these infections has been caused by E. coli in a few specific serologic groups, 04, 06, and 075 (1) (2) (3) . Many of the infections involved the urinary tract and were acquired in the hospital.
Because E. coli is the predominant component of the fecal flora, it seemed reasonable to investigate the serologic character of the coliform population in the stool of hospitalized and nonhospitalized individuals. These studies demonstrated increased intestinal colonization by E. coli serogroups 04, 06, and 075 during and after hospitalization (4) . The tendency to become colonized with strains in these o groups was directly related to the duration of hospitalization, and patients who were in the hospital 3 weeks or longer had an intestinal carrier rate of 60%o' compared to a rate of only 15% in individuals who had had no recent hospital contact. More importantly, patients subjected to prostatectomy who were fecal carriers of E. coli 04, 06, and 075 had a higher risk of developing bacteriuria with these strains than patients who carried other serologic groups in the stool. Recently, it has been shown that 29 of 53 urinary tract infections ac-21 quired outside the hospital were also due to E. coli 04, 06, and 075 and that these strains were present in the stools of 86%o of patients with these infections (5) . In contrast, the stool carrier rate in uninfected controls outside the hospital was only 28.3 %.
The precise reasons for the increased prevalence of these strains in the stools of hospitalized patients and their incidence as pathogens both in the hospital and in the community remain unknown. The studies to be described are aimed at clarifying the epidemiology of the infections by delineating hospital reservoirs of these strains, assessing the influence of antibiotic therapy on the acquisition of specific serologic groups of E. coli, determining the factors bearing on the development of bacteriuria, and evaluating the significance of the host's antibody in preventing colonization by E. coli 04, 06, and 075.
Methods
Population surveyed. Two groups of individuals were studied. The first population consisted of 425 patients admitted to the medical wards of the King County Hospital between December 1, 1964 , and April 26, 1965 . These patients were selected because they had not been in contact with a hospital for at least 1 year before admission. Fifty-five per cent were male, the average age of the entire group was 62.4 years, and more than a third were older than 70. Within 24 hours after admission, a rectal swab, clean-voided urine for culture, and a blood sample for determination of 0 antibody titer were obtained from each patient. At the time of discharge from the hospital, a second rectal swab and clean-voided urine sample were collected. Patients were excluded from this study if hospitalization was shorter than 1 week, or if follow-up cultures could not be obtained because of death or transfer to a nonparticipating service. In all, paired rectal swabs were adequate for study in 190 patients and admission and discharge urine cultures were obtained from 226 patients. At the time of discharge from the hospital, the patients' charts were carefully reviewed with particular emphasis on the past history of urinary tract infection or previously documented bacteriuria, and antibiotic therapy, genitourinary manipulation, and signs and symptoms of acute urinary tract infection during the present admission.
The second group consisted of 52 hospital personnel who worked daily on the medical wards during the period of surveillance. Rectal swabs were obtained from each individual in this group during the period of study.
Bacteriology. Rectal swabs were immediately placed in trypticase soy broth, refrigerated at 40 C, and 1 to 6 hours later streaked directly onto McConkey agar plates. After a 24-hour period of incubation at 370 C, ten lactosefermenting E. coli were picked for serologic grouping according to methods described previously (1) . This number of colonies gives a satisfactory yield for epidemiologic purposes as delineated by Vosti, Monto, and Rantz (6) . In their study, 80% of the total number of 0 groups in a stool specimen was discovered by examination of the first five colonies. Stool carrier rates of E. coli 04, 06, and 075 were based on the occurrence of a strain in a patient, regardless of the number of colonies present. In the survey of inanimate objects and in patients with bacteriuria, gram-negative organisms other than E. coli also were identified. The scheme in use in this laboratory for identification of these organisms has been described previously (4) . The number of organisms in all urine cultures was quantitated by serial dilution and 10' bacteria per ml was defined as connoting significant bacteriuria. Antimicrobial sensitivity tests were performed on selected strains of E. coli. The single disc technique was employed (7). Hemagglutinating 0 antibody titers. Titers of hemagglutinating antibody to E. coli 04, 06, and 075 were determined by a modification of the method of Neter and co-workers (8) . The antigen was prepared by inoculating stock cultures of E. coli 04, 06, and 075 into trypticase soy agar slants and incubating the culture overnight at 370 C. The organisms were then washed from the slant with phosphate-buffered saline (PBS) and then diluted to a suspension of 109 bacteria per ml with a McFarland tube. The suspension was heated at 100°C for 2i hours and then centrifuged at 14,000 rpm for 30 minutes (tip gravity, 23 ,500 g). The (4) . Sterile cotton swabs were used to culture a variety of inanimate objects in the hospital environment. All swabs were moistened in broth and were then streaked across floors, chairs, bedsheets, sinks, urinals, and so on. The swabs were placed in sterile tubes of trypticase soy broth for 1 hour, and the cotton tip was then streaked directly onto McConkey plates.
An additional 104 McConkey plates were distributed in 35 rooms on the medical service and were exposed to the air for 2, 6, or 24 hours. All gram-negative isolates collected on these plates were identified.
Results
Stool carrier rates of E. coli 04, 06, and 075. The fecal flora at the beginning and end of hospitalization was studied in 190 patients. None of these had been in contact with the hospital for at least 1 year before admission, and all were hospitalized for at least 1 week. On admission, 53 of the 190 (27.9%o) were intestinal carriers of E. coli 04, 06, or 075 (Table I) . Intestinal colonization by serogroups 4, 6, and 75 increased with duration of hospital stay during the initial 3 months of the survey, and 55.5%o of patients hospitalized for more than 3 weeks became intestinal carriers of these strains (p < 0.002). However, in the early spring months of March and April, the trend for increased colonization with these 0 groups was no longer apparent, and the carrier rate upon admission to or discharge from the hospital did not vary appreciably from 30%o. The reason for this seasonal difference is not apparent, and the problem is under continued investigation.
In all, 33 of 137 patients who had not harbored E. coli 04, 06, or 075 in their stool on admission acquired these serogroups in the hospital. Twenty- four of these 33 patients were hospitalized in December, January, or February. The acquisition of O groups 4, 6, and 75 was not related to the patient's age, sex, specific disease, or degree of debility, but it did correlate with administration of antimicrobial agents (vide infra).
Influence of antibiotic therapy on colonization by E. coli 04, 06, and 075. Accurate information about use of antibiotics during the current admission was available for 171 of the 190 patients studied. The influence of antibiotic therapy on the fecal carrier rate with new serogroups of E. coli is summarized in Table II . Only 13.2%o of patients not treated with antibiotics were colonized by 04, 06, or 075, whereas 37.2%o of patients receiving broad spectrum or multiple drug therapy acquired these strains (p < 0.002). The acquisition of new serogroups of E. coli other than 04, 06, or 075 was not related to the use of antibiotics, and a change of the coliform flora occurred in 21.7% of the untreated patients and 22.8% of those treated with broad spectrum antimicrobials. Patients receiving antibiotics directed primarily at gram-positive organisms, such as penicillin G or erythromycin, also did not acquire new strains with greater frequency than did untreated controls. In all, 60%o of patients treated with broad spectrum antibiotics acquired new serogroups of E. coli, whereas a change in flora was noted in only 35% of the group who had not received antimicrobials.
The average hospital stay of the 65 patients treated with any antibiotics was 15.3 days and did not differ significantly from the 12.7-day duration of hospitalization of patients who remained untreated. However, the hospital stay of the 13 patients who converted to stool carriage with E. coli 04, 06, or 075 and who received broad spectrum antibiotics was 22 days, a duration significantly greater than the 13.8 days found in 20 patients who acquired these strains but who had not been treated with broad spectrum antimicrobials (p < 0.02). The results suggest that acquisition of E. coli 04, 06, or 075 was secondary to the use of broad spectrum antibiotics rather than prolonged hospitalization per se. A tendency for patients receiving broad spectrum antibiotics to acquire E. coli of serogroups 04, 06, and 075 raised the question whether these patients were acquiring resistant strains. Table III shows the results of antimicrobial sensitivity tests performed on 53 strains of E. coli serogroups 04, 06, and 075 isolated from the stools of patients before hospital contact, 33 strains of 04, 06, and 075 isolated from the stools of patients after prolonged hospitalization, and 55 strains of E. coli serogroups other than 04, 06, or 075 cultured from in- (9) (10) (11) . It is clear from previous studies that strains in a few serological groups, E. coli 04, 06, and 075 are responsible for the majority of coliform infections (1-5, 12, 13) . The present study deals primarily with asymptomatic fecal carriers rather than patients with overt infection. However, among the few infections uncovered, E. coli 04, 06, and 075 were again significant pathogens. Although these are not the strains responsible for infantile diarrhea, intestinal colonization by E. coli 04, 06, and 075 appears to antedate urinary tract infection both in the hospital and in domiciliary patients (4, 5) . To obtain better understanding of this problem and, hopefully, to ultimately control it, we must define the reservoirs, mode of cross infection, and factors affecting the virulence of these organisms.
Hospitalized patients, in particular, show an increased susceptibility to intestinal colonization by E. coli serogroups 4, 6, and 75. In the current study, 46% of the patients hospitalized 3 weeks or longer had become colonized by 04, 06, or 075 at the time of discharge, although-only 28% were carriers of these E. coli in the stool on admission to the hospital. This corroborates previous data collected from this laboratory which demonstrated an unusually high incidence of intestinal colonization with these specific serogroups in hospitalized patients (4) . Although other strains of E. coli were carried in the stool as frequently as 04, 06, and 075, only these organisms caused a significant number of urinary tract infections among patients subjected to prostatectomy. Our work as well as previous studies, emphasizes that colonization of the stool by E. coli alone does not result in infection of the urinary tract in patients in the hospital. The sine qua non for nosocomial uri-nary tract infections is urologic instrumentation, catheterization, and manipulation (10, 14) . However, when infection takes place in patients who have been treated with instruments, it is more likely to be due to 04, 06, and 075 than other coliforms.
The high rate of colonization with certain coliforms was present only during the winter months of December, January, and February, and admission and discharge stool carrier rates for E. coli 04, 06, and 075 were no different in March and April. This seasonal variation in the prevalence of specific E. coli was unexplained and may be a chance phenomenon related, perhaps, to the relatively small number of patients studied. The over-all number of admissions, average duration of hospitalization, and use of antimicrobials were similar throughout the 5-month period of surveillance. This pattern of winter predominance may be similar to the recently reported seasonal variations in nosocomial staphylococcal wound infections (15) . An expanded year-long surveillance program is in progress to define the seasonal variations in intestinal colonization and its relationship to extraintestinal infection more precisely.
The exact sources of contamination and mode of transmission of specific coliforms within the hospital remain unclear. The environmental reservoirs of E. coli 04, 06, and 075 were sparse, and isolation of these organisms from inanimate objects was so infrequent that it is highly unlikely that these objects served as important foci of contamination. Furthermore, although the stool carrier rate of 04, 06, and 075 among hospital personnel was relatively high, it was not significantly different from that of a community population comparable in age.
The failure to identify significant hospital reservoirs of specific E. coli suggests that increased colonization by serogroups 04, 06, and 075 is due to an emergence of these strains from the patient's endogenous stool flora. That is, E. coli 0 groups 4, 6, or 75 could be present in very small numbers at the time of admission, and because only 10 colonies are identified in each rectal swab, they would not be isolated (6) . Subsequently, alteration of the intestinal flora by antibiotics, host disease, and other as yet unidentified factors permits emergence of these strains as predominant components of the fecal flora and enhances the ease with which they can be cultured. It is also conceivable that certain changes in the stool, such as pH, solute, and total water content may prove to be important in the recovery of certain coliforms (16) . Certainly, multiple or broad spectrum antimicrobial therapy appears to be a significant factor in the acquisition of 04, 06, and 075 within the hospital. These strains did not appear to become resistant to antimicrobial agents, at least when the disc technique was employed. It is possible, of course, that more subtle variations in antimicrobial susceptibility, which would not be apparent with the disc technique, occurred. It seems more plausible, however, to suggest that antibiotics and other factors altered some other components of the fecal flora permitting emergence of E. coli 04, 06, and 075. Although multiple stool cultures were not obtained over a short period of time, other investigators have made serial observations on the stool carriage of specific E. coli. Wallick and Stuart (17) and Sears and co-workers (18, 19) demonstrated remarkable stability in the E. coli serogroups isolated from a single individual. In one study, stools of eight normal subjects were sampled for periods from 10 months to 4 years, and the intestinal E. coli flora was divided into "resident" and "transient" organisms. Resident strains were defined as organisms that were cultured consistently for 6 months or longer, whereas transient strains consisted of serogroups that were isolated only sporadically and rarely persisted longer than 1 to 2 weeks. The resident flora was unchanged during bouts of acute diarrhea, feeding of exogenous E. coli, and in one patient, administration of an antimicrobial. Serogroups 4, 6, and 75 might be considered, then, the transient flora of the hospital, which colonizes subjects during hospitalization. Usually, these organisms are lost relatively quickly when the patient returns to the community (4).
There is no question that E. coli 04, 06, and 075 are the most common strains causing urinary tract infection not only in the hospital but also in the community (12) . However, it is not known whether intestinal 04, 06, and 075 cultured from patients in the community with acute uncomplicated urinary tract infections represent transient or resident flora. Since 90%o of patients acquiring E. coli urinary tract infections outside the hospital have been shown to be stool carriers of the urinary pathogens at the time of recognition of symptomatic illness, a clear separation of resident and transient flora in the community would be an important advance in the epidemiology of these infections. Although it is conceivable that the stool flora merely reflects contamination by infected urine and that the high stool carrier rate is a function of antecedent infection, it is more plausible that the infection of the genitourinary tract is caused by E. coli in the bowel. In addition, in the present study only the somatic (0) antigens of E. coli were determined. It is possible that further characterization of these strains by means of flagellar (H) and capsular (K) antigens will add to our knowledge of the epidemiology of these infections.
Other than appearing to have enhanced epidemiologic virulence, which is defined as an increased propensity of these strains to colonize the bowel and to produce infection, the factors responsible for the behavior of E. coli 04, 06, and 075 are poorly understood. Sjdstedt tested the relative virulence of eight different 0 groups of E. coli by measuring their median lethal dose (LD,0) in mice, their ability to produce necrosis of tissue, and their resistance to phagocytosis and to the bactericidal action of serum (20) . Serogroups 4 and 6 showed some tendency to increased virulence, whereas other 0 groups were less active. Kimball, Garcia, and Petersdorf also found that 04, 06, and 075 were more resistant to serum than E. coli in other serogroups (21) . However, these investigators were unable to demonstrate any differences in the abilities of various serogroups of E. coli to cause experimental pyelonephritis (22) .
The possibility remains that a deficiency within the host rather than intrinsic virulence of the microorganism is responsible for the high rate of infection with certain strains. Recently, groupspecific 0 antibody to all 145 known serogroups of E. coli has been demonstrated in the sera of normal adults. It is felt that this antibody arises in response to the antigenic mass in the colon (23, 24) . However, whether 0 antibody exerts protective action in E. coli infections has been controversial. Although Sanford, Hunter, and Souda (25) have been able to induce immunity to experimental E. coli pyelonephritis by means of both active and passive immunization, others have cast doubt on the significance of these antibodies because of the persistence or recurrence of urinary tract infections with the same serologic strains in patients with high homologous antibody titers (26) (27) (28) . In the present study, antibody titers obtained on admission from the 33 patients who converted to intestinal carriage of E. coli 04, 06, or 075 were approximately equal to those found in hospitalized patients not acquiring these strains. Likewise, community carriers of these strains, as well as patients in the hospital who developed urinary tract infections, had comparable titers of antibody. These results are in agreement with those of Robinet (29), who found no relation between serum 0 antibody titers and susceptibility to colonization by homologous E. coli. However, it is possible that serum antibody does have some protective role in man against recurrent urinary tract infection, which is difficult to ascertain because of pre-existent titers (30) . Finally, a possible mechanism for the excessive frequency of infection by specific serological strains of E. coli is the resistance of these strains (31-33) to colicine. Recently, studies on colicine production of E. coli have demonstrated that the resident flora is more frequently productive of these substances than are transient coliforms (32) . Furthermore, it has also been shown that 0 groups 4, 6, and 75 may be relatively more resistant to colicine than other serogroups (33) . Further work relating colicine production and resistance to the ability of E. coli to colonize the gut is indicated.
